Objective: To evaluate the presence of clinical and radiographic sequelae in primary teeth affected by dental trauma and its association with age at the time of trauma in children attended at a Public Higher Education Institution. Material and Methods: This is a longitudinal clinical study, in which 229 patients with history of dental trauma in primary teeth were examined, totaling 390 traumatized teeth. Relative frequency analysis was used, and for associations, the Chi-square test was used to verify the relationship of age at the time of trauma with variables such as type of trauma. Results: The most prevalent age group was over 24 months, and fall from own height as the main etiological factor; 71.0% of traumas had involvement of 2 teeth, 9.5% had history of anterior trauma and 66.6% of traumas involved supporting tissues. Regarding the type of injury to dental tissue, the most prevalent was enamel fracture (58.3%) and to periodontium, lateral dislocation (30.8%). Children older than two years had less trauma related to dental tissue (p<0.01), higher number of injuries to the periodontium (p=0.03); and most of them did not present extra-oral changes associated with trauma (p=0.01). During the 12-month period, 325 teeth were examined, and the most frequent clinical sequelae observed was crown discoloration. In the radiographic evaluation, inflammatory root resorption was the most prevalent. Conclusion: Children older than two years presented more injuries to the periodontium. After 12 months, the main clinical sequelae observed was enamel discoloration and the main radiographic sequelae was inflammatory root resorption.
Introduction
Trauma to primary teeth is an aesthetic-functional and psychological problem and can be considered an emergency situation, not only due to dental problems and their future repercussions, but also due to the emotional involvement of the child and his / her families [1] [2] [3] [4] [5] [6] . Currently, they are considered a public health problem, not only due to their frequency, which can range from 4% to 33% [3] , but also by the negative impact it generates on the quality of life of individuals [7] [8] [9] .
The number of studies available in literature is quite significant in relation to trauma in permanent dentition [1, 2, 5] ; however, there is lack of longitudinal follow-ups on traumas in primary teeth, especially with a focus on injuries to supporting tissues, type of trauma, and possible sequelae resulting from such trauma.
Scientific researches have pointed to some risk factors for dental trauma in children, including age at the moment of trauma, concluding that this risk increases by up to two times when the child starts walking, between one year and a half and three years of age due to the motor coordination immaturity, leading to falls [10, 11] .
Among the types of trauma in primary teeth, dislocations occur more frequently, since the bone tissue in the child has larger medullary spaces, resulting in greater plasticity, which favors tooth dislocation when compared to fractures [9, 12, 13] . As for the most affected teeth, the highest prevalence is for the upper incisors, especially central incisors [11, 14, 15] .
One of the major challenges reported in scientific studies is the adherence of family members to the treatment and clinical and radiographic follow-up of patients involved in dental trauma, since the demand for dental care for children suffering from dental trauma is still neglected, especially for minor injuries. In relation to severe trauma involving soft tissues and teeth, care is often restricted to immediate treatment, with little involvement of parents in follow-up visits [11] .
Thus, the aim of the present study was to evaluate the appearance of clinical and radiographic sequelae in primary teeth affected by dental trauma and its association with age at the moment of trauma.
Material and Methods

Study Design
This is a longitudinal clinical study, in which the first clinical and radiographic evaluation after traumatic injury was carried out, followed by re-evaluations of traumatized primary teeth, also through clinical and radiographic evaluation.
Sample
The sample was composed of 299 children attended at the Dental Clinic of the State University of Maringá, Paraná, Brazil, with history of trauma involving primary teeth in the period from 2012 to 2017, totaling 390 traumatized teeth. Children with mean age of 3.4 ± 1.1 years who sought the Dental Clinic for dental trauma in primary teeth were included. Patients who did not return the follow-up visits were excluded from the study.
Data Collection
At the first visit, variables related to gender, age, trauma etiology (falling from own height, collisions, accidents and others); involved teeth, number of teeth affected, previous presence of dental trauma, presence of pain (spontaneous, chewing or thermal changes), injuries to soft tissues (intraand extra-oral), type of traumatic injury (dental or supporting tissue injury) and time elapsed to first care were collected. Then, through a single dentist with extensive clinical experience and previously calibrated, traumatic injuries of primary teeth were evaluated through clinical and radiographic examination, and if one tooth had an injury in dental and supporting tissue, both were collected for analysis, and immediate treatment was performed [16] .
In a second moment, patients were rescheduled and 325 traumatized teeth were evaluated again by the same dentist who performed the initial evaluation through clinical and radiographic examination so that possible trauma sequelae were diagnosed and, if necessary, treated in a timely manner. Re-assessment visits were scheduled one week after trauma, 3-4 weeks, 6-8 weeks, 6 months, 1 year and, during each subsequent year until tooth eruption [17] .
Clinical and radiographic sequelae of primary teeth were duly analyzed following the guide of dental trauma published in 2012 [16] considering the following aspects: Clinical signs: absence of clinical signs; enamel discoloration, abscess, fistula and mobility. Radiographic signs: absence of radiographic alteration, periapical lesion, inflammatory root resorption, pulpal calcification, ankylosis. A single dental element could present more than one postoperative sequela.
Data Analysis
Quantitative data were analyzed through the IBM SPSS Statistics Software, version 23 (IBM Corp., Armonk, NY, USA), obtaining the relative frequency of the previously cited variables and the association of age at the time of trauma (≤2 years or >2 years) with gender, history of trauma, number of affected teeth, spontaneous pain, chewing pain, reaction to thermal change, intra-or extra-oral changes and dental and supportive tissue injuries using the Chi-square test (p<0.05). In the re-evaluation, relative frequency analysis was performed for clinical and radiographic sequelae caused by trauma in supporting tissues. 
Ethical Aspects
Results
The male gender was the most affected with 60.3%, and the most prevalent age at the time of trauma was 24-35 months (35.1%), with fall from own height being the main etiological factor (77.9%).
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The upper dental arch was the most affected by dental traumas (96.2%) and the upper central incisors the most traumatized teeth (82.8%). Most patients (71.0%) had at least 2 teeth affected by the traumatic injury, and about 9.5% had previously dental trauma. When assessing pain after trauma, 27.2% had spontaneous pain, 42.6% had chewing pain and 9.7% had reaction to thermal change. Regarding soft tissue evaluation, 20.8% of patients had some type of extra-oral alteration and 39.2% had some intra-oral alteration, with lip cut being the most frequent (42.4%) followed by upper lip laceration (15.9%). Figures 1 to 3 show the prevalence of trauma in children included in the study, as well as the treatment offered at the time of trauma. It was found that 66.6% of traumas involved supporting tissue and 33.8% dental tissues. Regarding the type of tooth injury, the most prevalent was enamel fracture (58.3%) and lateral dislocation (30.8%). In most traumatized teeth (74.1%), only clinical and radiographic follow-up was indicated as immediate treatment, followed by tooth extraction (7.9%) and restoration (7.4%). There was association between extra-oral alteration (p=0.01), prevalence of dental injuries (p<0.01) and supporting tissue (p=0.03) in relation to age at the time of trauma (Table 1) . In the proservation of traumatized teeth, 325 teeth were evaluated, which represented 83.3% of total teeth, most of them (67.1%) underwent re-evaluation within a period of up to 12 months after traumatic injury. Of evaluated teeth, 75.4% were still present in the dental arch, and 66.6% did not present any clinical signs indicative of sequelae due to dental trauma. However, 144 teeth presented clinical sequelae, as seen in Table 2 . At radiographic examination, 79.4% did not have any type of pathological alteration;
however, in 145 traumatized teeth, some alterations were diagnosed (Table 3) . Table 3 . Characteristics related to trauma of primary teeth according to radiographic sequelae. Still in the second moment, 80.9% of evaluated teeth remained in clinical and radiographic follow-up, and 17.6% needed some type of intervention, among them: restoration, endodontics, extraction, among others and in 1.8%, the permanent successor had already erupted.
Type of Trauma
Absence of Radiographic
Discussion
In literature, there are differences in results regarding the prevalence of traumatic injuries in relation to gender. Some reports have found no statistical difference between them [18] [19] [20] , and other authors, like those of the present study, have shown that males suffer a greater number of traumatic injuries, probably due to the greater involvement of boys in physical activities [8, 12] . In relation to age at the time of trauma, this study showed higher frequency in the age group of 24-35 months, an age coincident with the stage in which motor coordination begins to develop, as well as lack of protection instinct, leading to falls [3, 10, 11] , especially those from own height, as demonstrated in scientific literature [11, 12, 18, 21] and in the present study.
Studies have shown significant relationship between age and the appearance of sequelae in primary teeth due to the stage of development of deciduous roots at the moment of trauma, since the approximate closing time of deciduous incisor roots occurs close to the age of 2 years, while resorption begins at approximately 5 years [12, 19] . In both cases mentioned above, apices are open with larger vascular-nervous bundles entering the apical foramen of the root; therefore, the highest incidence of sequelae problems is observed in the age group of 2-3-years, where apices are more mature [12, 19] .
The teeth most affected by traumatic injuries are the central incisors (82.8%), especially the upper teeth, according to literature [11, 14, 15, 22] . It is noteworthy that during anamnesis, 9.5% of patients reported that they had suffered previous trauma and 71% of patients had at least 2 teeth affected by traumatic injury. A study conducted with Brazilian children also showed that 16.9% of the sample had history of dental trauma [12] , as confirmed by the systematic review published in 2019, which concluded that patients with previous dental trauma are at greater risk of new trauma [23] , indicating greater need for clinical and radiographic follow-up, because clinical practice shows that the appearance of sequelae is higher in teeth with recurrent trauma.
In this study, injuries involving a greater number of children were, in relation to the tooth, enamel and supporting tissue fractures and lateral dislocation. The fact of identifying a greater number of injuries to supporting tissues is attributed by many authors to the fact that the bone tissue in children presents greater plasticity, with larger medullary spaces, propitiating lateral dislocation when compared to fractures [9, 12, 24] . It was observed in this study that children older than two years had fewer lesions compromising the crown structure and greater number of injuries to supporting tissues, corroborating literature results.
A significant and quite positive finding of this study was that 74.1% of traumatized anterior primary teeth did not present any significant injury at the moment of trauma, requiring only clinical and radiographic follow-up and after the 12-month follow-up, 80.9% tooth and periodontium maintained complete integrity.
The scientific literature points out that many trauma complications, both in primary and permanent teeth are due to the lack of immediate care and control of possible complications, performed in the dental office by the professional. A study carried out in 2014, associating level of root maturity with types of trauma, concluded that time greater than 180 days is necessary for sequelae to be diagnosed in primary teeth involved in trauma, so maintaining a follow-up protocol for traumatized teeth is of paramount importance; however, post -trauma sequelae can be diagnosed even after more than 4 years of follow-up [25] .
In the present study, in the clinical and radiographic follow-up of traumatized teeth of up to 12 months, it was observed that the main clinical sequelae found in primary teeth was crown discoloration (24.3%), data similar to other reports in literature [25, 26] , which also observed discoloration as the most frequent sequela, and often trauma is only noticed by parents due to the aesthetic change of tooth color. However, there are controversies regarding the appropriate treatment for primary teeth that have changed crown color, since the traumatized primary tooth can become rosy, yellowish or grayish [24, [26] [27] [28] .
Some changes are physiological responses to injuries, while others may indicate a pathological process that requires treatment [24, 26, 27] . Rosy tooth indicates internal reabsorption and usually needs to be extracted; the yellowish tooth usually indicates pulpal calcification, rarely developing pulp necrosis, requiring no treatment, and its exfoliation occurs normally [24, 26, 27] .
Grayish discolorations are the most controversial in relation to treatment, and may be related to slight pulp changes, that is, evidence of periapical inflammation in 1 to 2 months after trauma, and coloration may disappear in a few weeks; however, if the grayish color remains, and the normality of the periodontal structures is verified, follow-up and further examinations must be performed at 6 and 12 months [24, [26] [27] [28] .
In the present study, the main traumatic injury that led to color change of traumatized teeth was lateral dislocation followed by concussion. According to previous report, dental lesion that causes crown fracture may have better prognosis than a tooth that receives a strong impact without crown fracture, since part of the impact energy dissipates when the crown is fractured, unlike what occurs when there is absorption of all energy by the tooth and supporting tissues [29] . Thus, the periodontium and the pulp of the traumatized tooth bear less impact if crown fracture occurs and therefore improves the prognosis for long-term tooth retention and pulp vitality maintenance [30, 31] .
The results of this study also indicated that the most frequent radiographic sequelae during proservation was inflammatory root resorption (8.6%), also confirmed in another study [3] . Injuries that led to the greatest number of inflammatory root resorption were lateral and intrusive dislocations, because the rupture of the gingival insertion facilitates the infiltration of bacteria in periodontal tissues, which stimulates osteoclasts to induce inflammatory root resorption [29] . A literature review pointed out that for the treatment of dislocations, especially lateral dislocations, tooth repositioning increases the risk of pulpal necrosis, since the periodontal ligament may already be traumatized and edematous, increasing the already existing pressure on the vascular-nervous bundle of the tooth, increasing the chance of ischemia and necrosis [30] .
Considering the above, knowing the risks of clinical and radiographic sequelae in traumatized primary teeth remains the objective of research in future longitudinal studies, and one of the challenges will be to increase the sample size and commitment of family members in posttraumatic control visits, since the consequences of trauma are often unpredictable, requiring periodic clinical and radiographic monitoring, and such consequences will depend on the degree of root apice dislocation, degree of alveolar injury, and stage of permanent tooth formation [21, 31, 32] .
This study had some limitations such as the small sample size, short post-traumatic time, and difficulty in proservation, since some patients did not attend the scheduled appointment,
compromising the more precise analysis of statistical data and the association among variables under study. Therefore, every traumatic tooth should be monitored according to specific protocol, based on scientific evidence, since the risks of clinical and radiographic sequelae are large and can generate several changes to primary teeth.
Conclusion
Children older than two years had less trauma related to dental tissue, more injuries to the periodontium; and the majority did not present extra-oral alteration associated with trauma. At 12 months, the main clinical sequela observed was crown discoloration and the main radiographic sequela inflammatory root resorption.
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